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$\Phi=0$ x\in \Gamma (2.1)
$\Phi<0$ $x\in gaarrow 9$ .
. $H(\Phi)$ $\Phi$
$H(\Phi)=\{$
1 for $\Phi>0$ ,
0 for $\Phi<0$ .
fig. 2.1:
(2.2)
, $\delta(\Phi)$ $H(\Phi)$ $\Phi$ :
$\delta(\Phi)=\frac{dH(\Phi)}{d\Phi}$ . (2.3)
, $\mathrm{n}$ $\kappa$ $\Phi$
$\mathrm{n}$ $=$ $\frac{\nabla\Phi}{|\nabla\Phi|}$ , (2.4)
60
$\kappa=\nabla\cdot \mathrm{n}=\nabla\cdot\frac{\nabla\Phi}{|\nabla\Phi|}$ , (2.5)
. $\delta(\Phi)=\delta(-\Phi)$ ,H$(\Phi)$ $H(–\Phi)$ ,
$\nabla H(\Phi)=\frac{dH(\Phi)}{d\Phi}\nabla\Phi=\nabla\Phi\delta(\Phi)=|\nabla\Phi|\mathrm{n}\delta(\Phi)$, (2.6)
$\nabla H(-\Phi)=\frac{dH(-\Phi)}{d(-\Phi)}\nabla(-\Phi)=-\nabla\Phi\delta(\Phi)=-|\nabla\Phi|\mathrm{n}\delta(\Phi)$ , (2.7)
$\frac{\partial H(\Phi)}{\partial t}=\frac{dH(\Phi)}{d\Phi}\frac{\partial\Phi}{\partial t}=\frac{\partial\Phi}{\partial t}\delta(\Phi)$, (2.8)
$\frac{\partial H(-\Phi)}{\partial t}=\frac{dH(-\Phi)}{d(-\Phi)}\frac{\partial(-\Phi)}{\partial t}=-\frac{\partial\Phi}{\partial t}\delta(\Phi)$ . (2.9)
2.2
,
$\rho_{l}\frac{D\mathrm{u}_{t}}{Dt}-\nabla\cdot \mathrm{T}_{l}=0$ , $\nabla\cdot \mathrm{u}_{l}=0$ $x\in$ liquid, (2.10)
$\rho_{\mathit{9}}\frac{D\mathrm{u}_{\mathit{9}}}{Dt}-\nabla\cdot \mathrm{T}_{g}=0$, $\nabla\cdot \mathrm{u}_{g}=0$ $x\in gas$ , (2.11)
, . , $\mathrm{T}$ ,
$\mathrm{D}$
$\mathrm{T}=-p\mathrm{I}+2\mu \mathrm{D}$ , (2.12)
, I , $\mathrm{D}$
$\mathrm{D}=\{$
$\underline{\frac{1}{9}}(.\frac{\partial u}{\partial y}+\frac{\partial\iota)}{\partial x})$
.
2.3
$\frac{1}{2}(\frac{\partial u}{\partial?f}.+\frac{\partial v}{\partial x})\frac{\partial v}{\partial y})$ , (2.13)
. $t=t_{0}$ t
$\Phi(\mathrm{x}, t_{0})=0$ , (2.14)
. , $\delta t$
$\Phi(\mathrm{x}+\mathrm{u}\delta t, t_{0}+\delta t)=0$, (2.15)
. $t=t_{0}$
$\epsilon 1$
$\Phi(\mathrm{x}, t_{0})+\mathrm{u}\delta t\cdot\nabla\Phi+\frac{\partial\Phi}{\partial t}\delta t=0$, (2.16)
. (2.14)
$. \frac{\partial\Phi}{\partial t}=-\mathrm{u}\cdot\nabla\Phi$ $x\in\Gamma$ , (2.17)
(2.4)
$. \frac{\partial\Phi}{\partial t}=-\mathrm{u}\cdot \mathrm{n}|\nabla\Phi|$ $x\in\Gamma$ , (2.18)
. ,










. , $\rho$ , $\mathrm{u}$ , $\mathrm{T}$ :
$\rho=\rho_{l}H(\Phi)+\rho_{g}H(-\Phi)$ $x\in all$ , (2.21)
$\mathrm{u}=\mathrm{u}_{l}H(\Phi)+\mathrm{u}_{g}H(-\Phi)$ $x\in all_{2}$ (2.22)





$\nabla\cdot \mathrm{u}$ $=$ $\nabla\cdot[\mathrm{u}_{l}H(\Phi)+\mathrm{u}_{g}H(-\Phi)]$
$=$ $(\nabla\cdot \mathrm{u}\iota)H(\Phi)+\mathrm{u}_{\mathfrak{l}}\cdot\nabla H(\Phi)+(\nabla\cdot \mathrm{u}_{g})H(-\Phi)+\mathrm{u}_{g}\cdot\nabla H(-\Phi)$ , (2.24)
82
.
$\nabla\cdot \mathrm{u}=\mathrm{u}_{l}\cdot\nabla H(\Phi)+\mathrm{u}_{g}\cdot\nabla H(-\Phi)$ , (2.25)
, (2.6),(2.7)
$\nabla\cdot \mathrm{u}$ $=\mathrm{u}_{l}\cdot \mathrm{n}|\nabla\Phi|\delta(\Phi)-\mathrm{u}_{g}\cdot \mathrm{n}|\nabla\Phi|\delta(\Phi)$
$=$ $(\mathrm{u}_{l}\cdot \mathrm{n}-\mathrm{u}_{g}\cdot \mathrm{n})|\nabla\Phi|\delta(\Phi)$ . (2.26)
$\Phi\neq 0$ $\delta(\Phi)=0$ . , $(_{\backslash }2.20)$ $\Phi=0$ $\mathrm{u}_{l}\cdot \mathrm{n}=\mathrm{u}_{g}\cdot \mathrm{n}$




$\nabla\cdot \mathrm{T}=$ $(\nabla . \mathrm{T}_{l})H(\Phi)+(\nabla\cdot \mathrm{T}_{g})H(-\Phi)+(\mathrm{T}_{l}-\mathrm{T}_{g})\cdot 1\mathrm{z}|\nabla\Phi|\delta(\Phi)$, (2.28)
, (2.19) ,
$\nabla\cdot \mathrm{T}=\nabla\cdot \mathrm{T}_{l}H(\Phi)+\nabla\cdot \mathrm{T}_{g}H(-\Phi)+\sigma\kappa \mathrm{n}|\Phi|\delta(\Phi)$ , (2.29)
, (2.22) $t$ ,
$. \frac{\partial \mathrm{u}}{\partial t}=\frac{\partial \mathrm{u}_{l}}{\partial t}H(\Phi)+\mathrm{u}_{l}\frac{\partial H(\Phi)}{\partial t}.+\cdot\frac{\partial \mathrm{u}_{g}}{\partial t}H(-\Phi)+\mathrm{u}_{g}..\frac{\partial H(-\Phi)}{\partial t}$ , (2.30)
, (2.8) $)$ (2.9) , , (2.18)
$\frac{\partial \mathrm{u}}{\partial t}$ $=$
$\frac{\partial \mathrm{u}_{l}}{\partial t}H(\Phi)+\frac{\partial \mathrm{u}_{g}}{\partial t}H(-\Phi)+(\mathrm{u}_{l}-\mathrm{u}_{g}).\frac{\partial’\Phi}{\partial t}\delta(\Phi)$
$=$
$\frac{\partial \mathrm{u}_{l}}{\partial t}H(\Phi)+\frac{\partial \mathrm{u}_{g}}{\partial t}H(-\Phi)-(\mathrm{u}_{l}-\mathrm{u}_{g})(\mathrm{u}\cdot \mathrm{n})|\nabla\Phi|\delta(\Phi)$ , (2.31)
.
$\mathrm{u}$ $x$ $u$
$\nabla u$ . (2.22) $u=u_{l}H(\Phi)+u_{g}H(-\Phi)$
,
$\nabla u=\nabla u\iota H(\Phi)+\nabla u_{g}H(-\Phi)$ $(u_{l}-u_{g})\mathrm{n}|\nabla\Phi|\delta(\Phi)$ , (2.32)
. (2.22) $\mathrm{u}\cdot\nabla u$
$\mathrm{u}\cdot\nabla u=$ $[\mathrm{u}_{l}H(\Phi)+\mathrm{u}_{g}H(-\Phi)]\cdot[\nabla u_{l}H(\Phi)+\nabla u_{g}H(-\Phi)]+(u_{l}-u_{g}.)\mathrm{u}\cdot \mathrm{n}|\nabla\Phi|\delta(\Phi)$
$=$ $\mathrm{u}_{l}\cdot\nabla u_{l}H^{2}(\Phi)+\mathrm{u}_{g}$ . $\nabla u_{g}H^{2}(-\Phi)+(\mathrm{u}_{l}\cdot\nabla u_{g}+\mathrm{u}_{g}\cdot\nabla u_{l})H(\Phi)H(-\Phi)$
$+(u_{l}-u_{g})\mathrm{u}\cdot \mathrm{n}|\nabla\Phi|\grave{b}(\Phi)$ , (2.33)
83
. , $H^{2}(\Phi)=H(\Phi)+[H^{2}(\Phi)-H(\Phi)],$ $H^{2}(-\Phi)=H(-\Phi)+[H^{2}(-\Phi)-H(-\Phi)]$
,
$\mathrm{u}\cdot\nabla u=$ $\mathrm{u}_{l}\cdot\nabla u_{l}H(\Phi)+\mathrm{u}_{g}\cdot\nabla u_{g}H(-\Phi)+(u\iota-u_{g})\mathrm{u}\cdot \mathrm{n}|\nabla\Phi|\delta(\Phi)$
$+\mathrm{u}\iota\cdot\nabla u\iota[H^{2}(\Phi)-H(\Phi)]+\mathrm{u}_{g}\cdot\nabla u_{g}[H^{2}(-\Phi)-H(-\Phi)]$
$+(\mathrm{u}_{l}\cdot\nabla u_{g}+\mathrm{u}_{g}\cdot\nabla u_{l})H(\Phi)H(-\Phi)$ , (2.34)
. 4 $f_{1}$ . , $\Phi\neq 0$ $fi=0$ ,\Phi $=0$ $f_{1}$
.
. $\mathrm{u}\cdot\nabla \mathrm{u}$




$\rho\frac{D\mathrm{u}}{Dt}$ $=p \iota\frac{D\mathrm{u}_{l}}{Dt}H^{2}(\Phi)+(\rho_{g}\frac{D\mathrm{u}\iota}{Dt}+\rho_{l}\frac{D\mathrm{u}_{g}}{Dt})H(\Phi)H(-\Phi)+\rho_{g}\frac{D\mathrm{u}_{g}}{Dt}H^{2}(-\Phi)+\rho \mathrm{f}_{1}$ ,
$=$ $\rho_{l}\frac{D\mathrm{u}_{l}}{Dt}H(\Phi)+p_{\mathit{9}}\frac{D\mathrm{u}_{g}}{Dt}H(-\Phi)+(\rho_{g}\frac{D\mathrm{u}_{l}}{Dt}.+\rho_{l}\frac{D\mathrm{u}_{g}}{Dt})H(\Phi)H(-\Phi)$
$+ \rho_{l}\frac{D\mathrm{u}_{l}}{Dt}[H^{2}(\Phi)-H(\Phi)]+\rho_{g}\frac{D\mathrm{u}_{g}}{Dt}[H^{2}(-\Phi)-H(-\Phi)]+\rho \mathrm{f}_{1_{?}}$ (2.37)
, 3 $\mathrm{f}_{2}$ , $\mathrm{f}_{2}$ $\mathrm{f}_{1}$ $\Phi\neq 0$ $\mathrm{f}_{2}=0$ , $\Phi=0$
. (2.29)
$p \frac{D\mathrm{u}}{Dt}-\nabla\cdot \mathrm{T}=(p_{f}\frac{D\mathrm{u}_{l}}{Dt}-\nabla\cdot \mathrm{T}_{l})H(\Phi)+(\rho_{g}\frac{D\mathrm{u}_{g}}{Dt}-\nabla\cdot \mathrm{T}_{g})H(-\Phi)-\sigma\kappa \mathrm{n}|\nabla\Phi|\delta(\Phi)+\mathrm{f}_{\underline{9}}$ ,
(2.38)
,
$\rho\frac{D\mathrm{u}}{Dt}-\nabla\cdot \mathrm{T}=-\sigma\kappa \mathrm{n}|\nabla\Phi|\delta(\Phi)+\mathrm{f}_{2}$ , (2.39)
. , 1 2 , $\Phi\neq 0$ 0 , $\Phi=0$
$\delta(\Phi)$ 1 2 . ,
, $f.(x),g(x),h(x)$
$/\cdot-\infty\infty\{\delta(x)+g(x)[H^{2}(x)-H(x)]+h(x)H(x)H(-x)\}f(x.)dx=f(0\dot{)},$ (2.40)
, $\mathrm{f}_{2}$ . , $\mathrm{f}_{2}$ . (2.4),(2.5)
64
$\rho\frac{D\mathrm{u}}{Dt}-\nabla\cdot \mathrm{T}=-\sigma(\nabla\cdot\frac{\nabla\Phi}{|\nabla\Phi|})\nabla\Phi\delta(\Phi)$ , (2.41)
.
$\rho$
$\nabla\cdot(\frac{D\mathrm{u}}{Dt}-\frac{1}{p}\nabla\cdot \mathrm{T})$ $=$ $\nabla\cdot\{-\frac{\sigma}{\rho}(\nabla\cdot\frac{\nabla\Phi}{|\nabla\Phi|})\nabla\Phi\delta(\Phi)\}$ , (2.42)
, (2.27)
$\nabla\cdot(\mathrm{u}\cdot\nabla \mathrm{u}-\frac{1}{\rho}\nabla\cdot \mathrm{T})$ $=$ $\nabla\cdot\{-\frac{\sigma}{p}(\nabla\cdot\frac{\nabla\Phi}{|\nabla\Phi|})\nabla\Phi\delta(\Phi)\}$ , (2.43)
. (2.17),(2.27), $\langle$2.43) .
243
$A$ , $U$ $A/U$ (2.17),(2.27),(2.43)
. , :
$. \frac{\partial\Phi}{\partial t}=-\mathrm{u}\cdot\nabla\Phi$ , (2.44)
$\nabla\cdot \mathrm{u}=0$ , (2.45)




















$\underline{\frac{1}{?}}\{\frac{1}{\alpha}+\frac{1}{\alpha}\cos(\frac{\pi\Phi}{\alpha})\}$ for $|\Phi|\leq\alpha_{\backslash ,\prime}$
0for $|\Phi|>\alpha$ .
(2.49)
H $(\Phi)$ $\delta_{a}(\Phi)$ $\mathrm{f}\mathrm{i}\mathrm{g}.2.2$ $\mathrm{f}\mathrm{i}\mathrm{g}.2.3$ . $|\Phi|\leq\alpha$






, fig 3. 1












$v_{l}= \frac{\partial h_{\pm}}{\partial t}.+u_{f^{\frac{\partial h_{\pm}}{\partial x}}}$ at $y=h\pm$ , (3.1)
$v_{g\pm}= \frac{\partial h_{\pm}}{\partial t}+u_{g\pm}\frac{\partial h_{\pm}}{\partial x}$ at $y=h_{\pm}$ , (3.2)
. ,h $\kappa$
$\kappa^{F}=\pm\ovalbox{\tt\small REJECT}^{1+}(\frac{\partial h_{\pm}}{\partial x})^{2}\ovalbox{\tt\small REJECT}-\frac{3}{2}\frac{\partial^{2}h_{\pm}}{\partial x^{2}}$ , (3.3)
$\text{ }f_{\mathrm{f}}\mathrm{H}J_{7}f_{J}\overline{\grave{\mathrm{u}}\backslash }\ovalbox{\tt\small REJECT}^{\backslash }\text{ }\mathrm{f}\mathrm{f}\mathrm{i}^{\pm}\text{ }\mathrm{f}\ovalbox{\tt\small REJECT}.\zeta^{\backslash }\backslash \text{ _{}\mathrm{J}^{\mathrm{i}}}\mathrm{B}(2.19)l\mathrm{h}\neq \mathrm{B}\text{ }‘ \mathbb{E}^{\backslash }\mathrm{f}\mathrm{f}_{\mathrm{I}\mathrm{b}}\mathrm{f}\mathrm{f}(\mu_{l}=\mu\pm=0)$
$p_{l}-p_{g\pm}$ $=$ $\mp\sigma$ l+(–\partial \partial hx\pm )2
-
$\frac{\partial^{2}h_{\pm}}{\partial x^{2}}$ at y=h (3.4)
. ( $y=$ $L$ ) 0
$v_{g\pm}=0$ at $y=\pm L$ . (3.5)
3.2
$u_{l}=U_{0}$ , $h_{\pm}=\pm A_{0}$ , $v_{l}=u_{g\pm}=v_{g\pm}=0$, $p_{\mathit{1}}=p_{g\pm}=P_{0}$ , (3.6)
. $(\tilde{u},\hat{v},\tilde{v},\tilde{h})\mathrm{A}$ :
$u_{l}=U_{0}+\tilde{u}_{l}(x, y, t)$ , $v_{l}=\tilde{v}_{l}(x, y, t)$ , $p_{l}=F_{0}+\tilde{p}_{l}(x, y, t)$ , (3.7)
$u_{g\pm}=\tilde{u}_{g\pm}(x, y, t)$ , $v_{g\pm}=\tilde{v}_{g\pm}(x, y\}t)$ , $P_{\mathit{9}}\pm=P_{0}+\tilde{p}_{g\pm}(x, y,t)$ , (3.8)
$h_{\pm}=\pm A_{0}+\tilde{h}_{\pm}(x, t)$ . (3.9)
, .
$. \frac{\partial\tilde{\mathrm{u}}_{l}}{\partial t}+U_{0}^{\cdot}\frac{\partial\tilde{\mathrm{u}}_{l}}{\partial x}.=-\frac{1}{\rho_{l}}\nabla\cdot\tilde{p}_{l}$, $\nabla\cdot\tilde{\mathrm{u}}_{l}=0$ $x\in liquid$ , (3.10)
$. \frac{\partial\tilde{\mathrm{u}}_{g}}{\partial t}=-\frac{1}{\rho_{g}}\nabla\cdot.\tilde{p}_{g}$ , $\nabla\cdot\tilde{\mathrm{u}}_{g}=0$ $x\in gas$ , (3.11)
$\mathrm{G}7$
. $\tilde{\mathrm{u}}=(\tilde{u},\tilde{v})$ . (3.1),(3.2), $(3,4)$ ,(3.5)
$\partial h_{\ovalbox{\tt\small REJECT}}$
$\tilde{v}_{l}=.\frac{\partial\tilde{h}_{\pm}}{\partial t}+U_{0}\overline{\partial x.}$ , at $y=\pm A_{0}$ , (3.12)
$\tilde{v}_{g}\pm=\frac{\partial\tilde{h}_{\pm}}{\partial t}$ at $y=\pm A_{0}$ , (3.13)
$\tilde{p}_{l}-\tilde{p}_{g\pm}=\mp\frac{\partial^{2}\tilde{h}_{\pm}}{\partial x^{2}}\sigma$ at $y=\pm A_{0}$ , (3.14)






. (3.10)\sim (3.15) $\hat{h}_{\pm}$
$(\begin{array}{ll}D_{\mathrm{l}} D_{2}D_{2} D_{1}\end{array})(\begin{array}{l}\hat{h}_{+}\hat{h}_{-}\end{array})=0$ . (3.17)
. ,
$D1=- \frac{\rho_{l}(U_{0}k-\omega)^{2}}{k^{n}\tanh(2k^{\wedge}A_{0})}.-\frac{\rho_{g}\omega^{2}}{k\tanh[k^{\wedge}(L-A_{0})]}+\sigma k^{2}$ , (3.18)
$D2= \frac{p_{f}(U_{0}k^{\wedge}-\omega)^{2}}{k^{\rho}\sinh(2kA_{0})}$ , (3.19)
. (3.17) 0
. ,D12-D22 $=(D_{1}+D_{2})(D_{1}-D_{\underline{?}})=0$ $D_{1}=D_{27}$ $D_{1}=-D_{2}$




$\frac{p_{g}\omega^{2}}{\tanh[k(L-A_{0})]}-\sigma k^{3}.+\frac{p_{l}(U_{0}k^{n}-\omega)^{2}}{\tanh(k^{\wedge}A_{0})}=0$ , (3.20)
68
, ,
$\frac{\gamma\omega^{2}}{\tanh[k^{n}(L-1)]}+\frac{(k-\omega)^{2}}{\tanh(k)}-\frac{k^{3}}{\mathrm{W}\mathrm{e}}$ $=$ $0$ . (3.21)
$\gamma$ \rho ,/ . $D_{1}=D_{2}$ $(\text{\^{u}}, \hat{v},\hat{p})$
$\hat{u}_{g\pm}=-\frac{\cosh[k(L\mp y)]}{\sinh[k(L-A_{0})]}\omega\hat{h}_{+}$ , (3.22)




$\hat{p}_{l}=\frac{\rho_{l}(kU_{0}-\omega)^{2}\{\cosh[k(A_{0}+y)]+\cosh[k^{\wedge}(A_{0}-y)]\}}{2k^{\wedge}\cosh\langle k^{\rho}A_{0})\mathrm{s}\mathrm{i}\mathrm{n}1_{1}(kA_{0})}\hat{h}_{+}$ . (3.27)
332
$\frac{\gamma\omega^{2}}{\tanh[k^{n}(L-1)]}+(k-\omega)^{2}\tanh(k)-\frac{k^{3}\prime}{\mathrm{W}\mathrm{e}}$ $=$ 0. (3.28)
, $(\hat{u}, \cdot\hat{U},\hat{p})$
$\hat{u}_{g\pm}=\mp\frac{\cosh[k(L\mp y)]}{\sinh[k(L-A_{0})]}\omega\hat{h}_{+}$ , (3.29)
$\hat{v}_{g\pm}=-\frac{\sinh[k(L\mp y)]}{\sinh[k^{\wedge}(L-A_{0})]}\mathrm{i}\omega\hat{h}_{+}$, (3.30)
$\hat{p}_{g}=\mp p_{g}\frac{\omega^{2}}{k}\frac{\cosh[k(L\mp y)]}{\sinh[k^{n}(L-A_{0})]}\hat{h}_{+}$ , (3.31)
$\hat{u}_{l}=\frac{-(k^{n}U_{0}-\mathrm{L}’)\{\cosh[k^{\wedge}(A_{0}+y)]-\cosh[k^{\wedge}(A_{0}-y)]\}}{2\mathrm{c}\mathrm{o}\mathrm{s}11(k^{n}A_{0})\sinh(kA_{0})}\hat{h}_{+}$, (3.32)






. , $We=1000,\gamma=0.9$ ,
$\ovalbox{\tt\small REJECT}=0.001$ , k=\pi ( $\lambda=2$ ) . , $\mathrm{u}$




, fig 4.1 . (3.21) ,k $=\pi$
$\omega\simeq$ $65+1.56\mathrm{i}$ . (a) $t=0.5$ $h\pm$ , (b) $t=1.0$
$h\pm$ . , (2.2) $\alpha=0.02$ ,
$\alpha=0.06$ . $\omega$
. 5 $(t=1),$ $\alpha=0.06$
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fig. 41: ( )
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4.2
$\mathrm{f}\mathrm{i}\mathrm{g}.4.3$ . (3.28)
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, $\alpha=0.02$ , 5 $(t=1)$
3% .
[1] : $(1987)_{?}290$ .
$[2]\mathrm{L}.\mathrm{W}.$Casperson: J. Sound and $\mathrm{V}\mathrm{i}\mathrm{b}_{1}\cdot \mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}162(1993),251$ .
[3] H. B. Squire: Brit. J. Appl. $\mathrm{P}1_{1}\mathrm{y}\mathrm{s}$ . $4(1953),$ $167$ .
[4] X.Li&R.S.Tankin: J. Fluid Mech. 226(1991), 425.
[5] $\mathrm{J}.\mathrm{A}$ Sethian& P.Smereka: Annu .Rev. $Flu\iota.dMech$ . $35(2003),$ $341$ .
[6] S.Osher&r R.Fedkiw: $L\mathrm{e}velSetMethodsandDynam\mathrm{i}cImpl\mathrm{i}citSurfaces,\mathrm{S}\mathrm{p}\mathrm{r}\mathrm{i}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{r}(2003)$ .
